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THE MATHEMATICAL GAZETTE. 

THE TEACHING OF MATHEMATICS TO BOYS WHOSE 
CHIEF INTERESTS ARE NON-MATHEMATICAL. 

BY THE REV. S. H. CLARKE. 

IN the Report of the Committee of this Association published a year ago,. it 
was asserted that a boy's education "should enable him not only to apply 
Mathematics to practical affairs, but also to have some appreciation of the 
greater problems of the world, the solution of which depends on Mathematics 
and Science...." Again, " the material side of modern civilisation stands 
on a foundation of Applied Mathematics. This statement will not be contro- 
verted by anyone familiar with the work of modern scientists and engineers 
and with the part played by Mathematics in their achievements.... The 
modern man, therefore, should have at least some conception of the means 
by which these results, so vital to him, are obtained." We have to give to 
our boys a training in logical accuracy, a demonstration of the beauty and 
interest of mathematical ideas and methods in themselves, and in the words 
which I have quoted, "some appreciation of those problems of the world, 
the solution of which depends on Mathematics and Science." " The majority 
of boys will not make any extensive or profound use of Mathematics in after 
life ... but they can be taught to realise the tremendous potentialities of the 
study whose elements they are commencing.... A public must be created 
able to realise what Science and Mathematics are doing for the world and to 
form some general conception of the means employed." 

It can hardly be maintained at the present time that this ideal has been 
attained. I can give you one illustration. 

Some two years ago a suggestion was made that the Elements of Quaternions 
should be taught to the highest mathematical sets of our schools: an able 
mathematician remarked somewhat regretfully in a discussion of this sugges- 
tion that he would have to do a good deal of reading before he could take 
his share of that work. " I never knew much about Quaternions, and I know 
less now." A well-known man to whom he was speaking, a distinguished 
classical scholar, expressed his astonishment: " You don't mean to say that 
you've forgotten your Euclid "-and in reply to a somewhat hesitating 
question as to the use of Quaternions by Euclid, he continued triumphantly: 
'; Evidently I remember these things better than you do, although you're 
teaching them every day. You really don't mean to say that you have 
forgotten Euclid's definitions: 'A four-sided figure with its opposite sides 
parallel is called a parallelogram and every other four-sided figure is called a 
quaternion.' " 

I have commenced my paper with that story because it illustrates quite 
successfully the attitude of the majority of so-called educated people. If 
I were to declare that Plato wrote the Aeneid or that Lucretius was an Athenian 
statesman, immediately and quite rightly my ignorance would make me the 
laughing-stock of all who knew me. But just because the average educated 
man is entirely ignorant of even the most elementary principles of Mathe- 
matics, colossal ignorance is allowed to pass almost unnoticed, even when 
that ignorance extends to the whole of those methods which have made 
possible so much of modern science and industry. Improvement in this 
respect is retarded by the increasing tendency to specialisation. Thus the 
boy of rather above the average ability in subjects literary in most of our 
schools begins to specialise at the age of sixteen (or even earlier). He often 
knows that Mathematics will not be a principal subject in any examination 
for which he is going to enter: often he is firmly convinced that Mathematics 
simply consists of a series of tricks for solving puzzles in which he is not 
particularly interested, and he contrasts in his mind the joy of reading a 
classical author or a book on mediaeval or modern history with the boredom 
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TEACHING OF MATHEMATICS TO BOYS. 

which comes from the solving of a series of puzzles, more or less of the same 
type, entirely without artistic beauty, entirely unrelated to life. Even if he 
has a certain facility in solving these problems, even if he realises the achieve- 
ments of Mathematics in the moder world, still the romance of the subject, 
the aesthetic value of many mathematical methods, the possibility of his 
envisaging the subject as a whole, are entirely hidden from him. There is a 
further point which must be remembered, viz., that such a boy will tend to be 
in comparatively low sets for Mathematics, and that inevitably the best 
teachers are put to teach the boys who are more promising as mathematicians. 
The result is that the boys who are most ready to appreciate the historical 
side of Mathematics, who often have a wider outlook on life than the mere 
mathematician, are the very boys who have least opportunity of realising the 
relation between Mathematics and life, or the place of Mathematics in the 
scheme of culture as a whole. 

I have been thinking primarily of classical specialists, but the same is equally 
true of those who specialise in Modem Languages or in English subjects. 

I would suggest that at Upper Fifth Form standard (whether it be on a 
classical or modern language or history side), a boy whose interests are not 
mathematical and who shows no real proficiency in Mathematics should be 
withdrawn from the ordinary sets and placed in a special set to be taught 
without any reference to the ordinary scheme of the school. This would, of 
course, tend to raise the standard of the science side sets. At present, because 
classical scholarship candidates cannot spare the time for the full mathematical 
course, they are deprived at most schools of all mathematical teaching what- 
ever, and we are turning out a number of our ablest boys unable to explain 
intelligibly what Mathematics is about-unable for instance to realise that a 
quaternion is not a quadrilateral. Nor do I believe from the somewhat 
limited experience I have had that the abler History or Modem Language boys 
whom I have known have derived much benefit from their attendance at the 
ordinary mathematical classes of the school. Thus in the two bottom sets of 
the A-block at one school there are fifteen boys of Sixth Form rank, while 
ten boys have ceased to do Mathematics at all, out of a total of fifty-five in 
the Classical, Modem and History Sixth Forms. Those twenty-five could 
quite well form the special set, and the ordinary sets would be relieved by their 
withdrawal. 

Now we must remember that such boys will probably be baffled entirely 
by any amount of algebraic or trigonometrical manipulation. On the other 
hand, curiously enough, Geometry taught on the compromise lines of most 
of our modem text-books seems to appeal to such-the idea of a connected 
reasoning from clearly defined premises to a conclusion such as Pythagoras' 
theorem, which is not obviously true, certainly makes an appeal to the boy 
of average intelligence, and whatever our course for this special set does omit, 
it should not omit examples of clear reasoning. A further difficulty is caused, 
that boys would come to such a set at different stages of their mathematical 
career, and therefore the curriculum of the special set should, so far as is 
possible, avoid overlapping any part of the ordinary course. The one thing to be 
avoided with such a set as I have described is the repetition of work which 
perhaps half the boys have done already. 

I would suggest as subjects for the consideration of such a set: 
1. The idea of variation and functionality, including the idea of gradient, 

of differentiation and integration. 
2. The idea of number. 
3. The idea of periodicity. I need not enlarge upon the educational value 

of the ideas of variation and functionality. Prof. Whitehead has advocated 
a great extension of the graphical study of statistics: "There are to our 
hands statistics of trade, both external and internal, statistics of railway 
traffic, statistics of crime, of income-tax returns, of national expenditure, of 
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weather and so on. The reduction of these to graphs, the careful study of 
the peculiarity of these graphs, the search for correlation among them, and 
the study of public events which corresponded in time to peculiarities of 
graphical form, would teach more Mathematics and more knowledge of modern 
social forces than all our present methods put together." So most modern 
text-books of Algebra contain quite good chapters on variation, but I fear 
that few boys of the type I am primarily considering have a clear idea of the 
meaning of the statement that the attraction of the sun for a planet varies 
inversely as the square of the distance between them. However, I have found 
that the more intelligent boys are always interested in the subject of variation 
when treated graphically, especially as it gives the master untold opportunity 
to wander from the point into realms of Astronomy, Electricity, or what not. 
Further, this study requires very little power of manipulation of algebraical 
expressions. The use of logarithms sometimes can shorten numerical calcu- 
lations, but in this case I see no real objection to the boys using the tables 
without a very clear idea of the reasons for the method. 

From functionality in general we naturally come to consider the gradient. 
Here it seems to me that since the manipulation of algebraic forms is not of 
primary importance, time could be well spent in expounding clearly the mean- 
ing of a limit. These are useful helps in the use of the method of limits in 
elementary geometry of the circle, and especially in the interesting proof 

sin 0 
that --- 1 as 0-0*. When the idea of the limit of a function had been 

cleared up, the example of the gradient of a function might be considered and 
a first course in Calculus covered, as in diodfrey and Siddons' Algebra or 
Mercer's Calculusfor Beginners, the object being always to show how problems 
of maxima and minima, of velocity and acceleration, of work and energy and 
momentum are solved by the Calculus. The use of Simpson's rule for the 
determination of areas always seems to interest boys. 

Again the history of the Calculus, e.g. the Newton-Leibnitz controversy, 
illustrates the way in which the thoughts of men are gradually widened, and 
especially the way in which, in a note-worthy fashion, thought seems to 
stagnate for long intervals of time. No progress is made for centuries until 
the necessary new weapon-such as the Differential Calculus proved to be- 
has been discovered. Then progress is made by leaps and bounds until the 
potentialities of that particular weapon have been exhausted-and then 
stagnation, for a time. 

I wish to lay stress on a discussion of the idea of number. The boy^I have 
in mind remembers quite well the insistence with which he was taught that in 
multiplication two minuses made a plus, and if he has advanced very far in 
the Algebra books he may have discovered the " existence " of the mysterious 
square root of -1, and had his objections to the existence of such a number 
over-ridden, or at any rate never properly discussed. " I never saw why ..." 
is the commonest criticism of the mathematical master urged by such boys. 
I think a course could be worked out on the lines suggested by Prof. Nunn 
in his Teaching of Algebra and Exercises in Algebra, part 2-discussing succes- 
sively numbers, directed numbers, fractions, irrationals, complex numbers. 
The idea of an irrational such as V/2 can be introduced, by some such 
method as that given by Hardy in his Pure Mathematics-by considering 
the two sets of numbers, 1, 1-4, 1-41, 1-414, 1-4142 ... and 2, 1-5, 1-42, 1-415, 
1-4143 ..., or if desired the formal theory of the Dedekind section could be 
discussed. Then the complex number a+ib must be regarded as a pair of 
numbers, corresponding to the point (a, b) of the plane. From the complex 
number a valuable idea of the generality of mathematical work can be derived, 
such as that expressed by Prof. Whitehead when he likened the mathe- 
maticians' use of symbols to Tweedledum's use of words: "I pay them extra 
and make them mean what I like." I want my well-educated boy to be in 
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a position to appreciate the dialogue in Prof. Eddington's book on Space, 
Time and Gravitation, in which the mathematician accepts the statement that 
he not only does not mind whether his propositions are true, but does not even 
care to know what he is talking about. 

Again the change in connotation of the word " number " in the last three 
hundred years seems to me to provide a most valuable illustration of the ways 
in which men think-the extension of the child's concept of whole numbers 
to fractions, of non-directed numbers to directed numbers, and so on. Clifford's 
Common Sense of the Exact Sciences gives a good idea of how to approach 
Demoivre's theorem, and in this way the extension of the number concept to 
include quaternions might be shown. Might I repeat that with many boys 
one's aim should not be to attain great facility in algebraical work, but that, 
for example, in connection with quaternions, a so-called educated man should 
have some idea of what a quaternion is and how its use resulted in a simplifi- 
cation of mathematical reasoning and a consequent progress. 

On the subject of periodicity I only propose to dwell for a short time. To 
quote Prof. Nunn: " Periodicity in physical phenomena is among the most 
familiar of our experiences-' seed time and harvest, cold and heat, night 
and day'-being only the most conspicuous instances." The way in which 
a formula connecting variables, one of which is a periodic function of the other, 
can be built up is of considerable interest and no great difficulty. Probably 
the easiest introduction is by means of a reference to the simple pendulum. 
From this it is of interest to learn that the mean temperature during each month 
at Greenwich for many years has agreed tolerably accurately with the formula 

T =50-6 +12-8 sin 6-9 W, 
T being the temperature in degrees Fahrenheit and W the number of weeks 
from April 15th, 1910. This graph and the statistics on which it is based 
would provide a good introduction to the type of equation representing wave- 
motion. 

From this the problem of harmonic analysis could be attempted-in a few 
simple cases: enough could be done to show how the mathematician is able to 
predict the time and height of high tides. Again, I should like to emphasise 
the fact that I am not so much concerned with the actual manipulation of 
algebraic and trigonometrical expressions as with showing boys why Mathe- 
matics has played such an extensive part in modern science and the kind of 
method which has been used. 

There is one part of the subject which seems to me to be of great value- 
a course in Geometry-perhaps a hasty course of Euclidean Geometry, 
including a clear statement of the axioms and postulates, not merely those 
explicitly made by Euclid, but those whose discussion has resulted in the formu- 
lation of the non-Euclidean geometries of more recent days. Would it be 
possible to include a sketch of these geometries ? May I quote a remark of 
Prof. Carson-" I am bound to state my conviction that every student of 
whatever subject who proceeds to a University education worthy of the name, 
should gain some ideas of the nature of non-Euclidean geometry. Their 
appreciation throws a light on the space-concept in particular and our so-called 
knowledge in general which can be gained in no other way. It may be fairly 
said that there are few portions of mathematical knowledge which have more 
educational value." 

That a course in the principles of Statics and Dynamics will be of value 
few would, I think, deny. The only difficulty will be that possibly several 
of the class would have done a certain amount already and some repetition 
would be necessary. At the same time I know of no part of the mathematical 
syllabus which so obviously bears on practical life and of which the history 
of the development is so full of interest. 

Few controversies are of such interest as the eighteenth century discussions 
as to how the so-called " force of a body in motion" was to be measured, 

237 

This content downloaded from 129.16.69.49 on Tue, 12 Jan 2016 18:30:22 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


THE MATHEMATICAL GAZETTE. THE MATHEMATICAL GAZETTE. 

leading to the resolving of the problem by D'Alembert by the distinction 
between kinetic energy and momentum. 

Some years ago, Mr. Newbolt, then a mathematical master at Tonbridge, 
and a member of our association, had a class consisting of the Classical Upper 
Sixth Form, two hours a week for a year, and in a paper in the 1912 Board of 
Education Report on the Teaching of Mathematics in the United Kingdom he 
described his experience and included the examination papers which were set 
to the boys at the end of the year. For various reasons, none of which I think 
were relevant to our discussion, the experiment was not continued, and so far 
as I know, no further attempt of that type has there been made. But Mr. 
Newbolt seems to have been convinced of the value of such a plan-" The results 
of the year's work," he says, " as well as the interest shown throughout by 
the boys themselves amply justified the experiment." S. H. CLARKE. 

Mr. C. V. Durell and Mr. W. P. Milne took part in the discussion on this 
paper. 

71. Henry Clarke. 
Practical Perspective, Lond., 1776, 8vo, vol. i.; ? all dedicated to Charles 

White, Esq., F.R.S., of Manchester. 
The Rationale of Circulating Numbers, London, 1777, 8vo. Dedicated 

to Thomas Butterworth Bayley, Esq., of Hope, F.R.S. Here he advertises 
an Essay shortly to be published on The Usefulness of Mathematical Know- 
ledge. 

A Dissertation on the Summation of Infinite Converging Series, London, 
1779, 4to. Dedicated to Hutton. This was translated from Latin of A. M. 
Lorgna. 

A Supplement to the last named, London, 1782, 4to. 
Some of his papers are said to be in the T. T. Wilkinson bequest of MSS. 

to the Chetham Library. 
In the 1816 Dictionary of Living Authors there is one of his name LL.D., 

Professor of Astronomy and Experimental Philosophy at the R. M. College, 
Marlow. 

The Seaman's Desiderata, 4to, 1800. 
A New ... Operation for clearing the apparent Distance of the Moon, etc., 

4to, 1800. 
Animadversions on Dr. Dickson's Translation of Carnot's Reflections on 

the Theory of the Infinitesimal Calculus, 8vo, 1801. 
Printed for and sold by Ogilvy and Speare, Middle-Row, Holborn, 1794; 

"In this list of books by Henry Clarke, Praelector on Philosophy in the College 
of Manchester, the first above, illustrated with 33 copper-plates and moveable 
Schemes, 8vo, 5s., boards. The second, 8vo, 4s., boards; the Dissert., 4to, 
10s. 6d., bd.; and the Supplement, 4to, 2s. 6d., sewed. 

Add to above: Additional Remarks on Converging Series, occasioned by 
Mr. Landen's Appendix to his Observations on the same subject, 4to, Is. 6d., 
sewed." 

His LL.D., 1802, was from the University of Edinburgh, when appointed 
at Marlow. 

He wrote a Treatise on Shorthand and an Introduction to Geography. 

72. Mortimer Collins had a theory that mathematics and poetry were 
allied, and commenced a work on "Rhythmic Algebra," but abandoned it 
because he was advised that the public would not be sufficiently interested 
in the subject to make the work pay, and he could not afford to work without 
payment.-M. Collins' Letters and Friendships, by Frances Collins, 1877, ii. 
p. 219. 
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